Haskap berries (Lonicera caerulea L.) are known for their high phenolics, anthocyanins, and antioxidant potential. The data on the phenolic profile of these fruits are lacking. In this study, the phenolic profiles of three haskap varieties; tundra, berry blue, and indigo gem grown in Nova Scotia, Canada were investigated for the first time using spectrophotometery and high-performance liquid chromatography. Berries were analyzed for total phenolic content/total reducing capacity, total anthocyanin content, and antioxidant potential (2,2-diphenyl-1-picrylhydrazyl radical scavenging activity). The total reducing capacity, total anthocyanin content, and 2,2-diphenyl-1-picrylhydrazyl values were 6.17-8.42 mg gallic acid equivalents/gram fresh weight, 4.49-6.97 mg cyanidin-3-glucoside equivalents/gram fresh weight, and 78.70-89.55%, respectively. The extracts were analyzed by reversed-phase diode array detector-high-performance liquid chromatography through a gradient elution using Synergi 4 µm Max-RP C12 column and the chromatograms were acquired at 520, 360, and 320 nm for athocyanins, flavonoids, and free phenolic acids, respectively. The identified anthocyanins were cyanidin-3-glucoside (82.81-91.99% of the total anthocyanins), cyanidin 3,5-di-glucoside (2.31-4.27%), cyanidin-3-rutinoside (1.54-9.20%), peonidin-3-O-glucoside (0.75-3.44%), and pelargonidin-3-glucoside (0.77-2.98%). Other flavonoids (quercetin-3-β-D-glucoside and quercetin-3-rutinoside) and free phenolic acids (chlorogenic and neochlorogenic) were also quantified.
INTRODUCTION
The benefits of berries in the human diet have recently received considerable attention due to their high content of polyphenolic compounds with anti-inflammatory, antioxidant, antimutagenic, and neuroprotective properties. [1] Polyphenols found in berries include phenolic acids, tannins, and flavonoids (especially anthocyanins) responsible for the colored pigmentation of the fruits. [1] The genus Lonicera (Caprifoliaceae), also known as haskap, is comprised of more than 200 species which are native to Siberia, North Eastern Asia, and Japan. [2] Some species in this genus are used as edible plants. Lonicera caerulea, the blue honeysuckle, is also called honeyberry, honeysuckle, haskup, haskappu, or haskap as used in this research study. Around 17 species of edible haskap berries have been recognized. [3, 4] Fruits of these plants have been used traditionally in Asia for their medicinal properties and are known as the fruit of long life. [5] They are used in various products including juice, wine, pastries, jams, dairy products, and are also eaten fresh. [6] Breeding programs in North America started only very recently due to the limited availability of plant materials. [7] Growers in Canada are using at least five different cultivars. [6] The agricultural advantages of the haskap berry are its early ripening, suitability for mechanized harvesting, and resistance to many insect pests and diseases, making it a suitable candidate for organic production. Furthermore, the haskap berry has potential as a commercial berry crop for northern latitudes [8] as the bushes are not damaged even at temperatures below -40°C.
Haskap berries contain the highest amount of polyphenolic compounds amongst berries grown in Canada, higher than reported for raspberry, strawberry, blackberry, and blueberry. Their total phenolic content (TPC) ranges from 1.41 to 11.42 mg gallic acid equivalents per gram of fresh weight (mg GAE/g FW). [9, 10] The total anthocyanin content (TAC) of the haskap berry is on average 13.00 mg cyanidin-3-glucoside (cyd-3-glu) equivalents per gram FW [9] which is higher than raspberry, blackberry, red currant, and blueberry. As reflected, the antioxidant potential of haskap berry extracts was reported to be much higher than that measured for other berries and fruits as assayed by ferric reducing antioxidant power (FRAP), oxygen radical absorbance capacity (ORAC) and 2,2-diphenyl-l-picrylhydrazyql (DPPH). [6, 11] Chromatographic analysis of haskap berries reported a high content of anthocyanins, phenolic acids, and flavonoids. The other predominant compounds are proanthocyanins, catechins, rutin, and smaller amounts of quercetin and isoquercetin. [12] Phenolic compounds have been analyzed by different analytical procedures including chromatography, spectrophotometry, and electrophoresis. However, high-performance liquid chromatography (HPLC) is the most extensively used procedure. [13] [14] [15] Either isocratic or gradient elution is applied to separate phenolic compounds based on the number and type of the analytes and the nature of the matrix. Due to the existence of conjugated double and aromatic bonds, every phenol exhibits a higher or lower absorption in ultraviolet or ultraviolet/visible (UV/VIS) region. Therefore, the most common means of detection, coupled to liquid chromatography, are UV/VIS, photodiode array (PDA), and UV fluorescence detectors. PDA is the most prevalent method since it allows the scanning of real time UV/ VIS spectra of all solutes passing through the detector, giving more information of compounds in complex mixtures. Researchers have reported on the phenolic analysis of some Lonicera caerulea varieties mainly from Russian and Japanese origins. [4, 16] However, data on the content of phenolic compounds and anthocyanins in haskap berry varieties grown in Canada are completely lacking from the literature. Furthermore, a vigorous and specific HPLC procedure for the analysis of haskap berry phenolics is needed. Therefore, the aim of this work was to investigate the phenolic profile of three haskap berry varieties; tundra (T), berry blue (BB), and indigo gem (IG) grown in Nova Scotia, Canada by spectrophotometric techniques as well as to develop a robust HPLC method for their analysis.
MATERIALS AND METHODS

Materials
Haskap berries
Fruits of three Lonicera caerulea L. (haskap berry) varieties; T, BB, and IG (2 kg each) were obtained from LaHave Natural Farms, Blockhouse, Nova Scotia, Canada. The fruits were delivered PHENOLIC ANALYSES OF HASKAP BERRY (LONICERA CAERULEA L.)
to the laboratory immediately after harvest and were stored at 4°C until the following day, when extractions were conducted.
Chemicals and phenolic standards
All chemicals used for the study were of analytical and HPLC grades and were procured from Sigma Aldrich (Oakville, Ontario, Canada) and Fisher Scientific (Ottawa, Ontario, Canada). Fifteen phenolic standards including six anthocyanins (cyanidin-3-glucoside, cyanidin 3,5-diglucoside, cyanidin-3-rutinoside, cyanidin-3-galactoside, peonidin-3-o-glucoside, and pelargonidin-3-glucoside), six flavonoids (±catechin, - [-] epicatechin, quercetin, quercetin-3-d-galactoside, quercetin-3-β-d-glucoside, and rutin), and three phenolic acids (chlorogenic acid, neochlorogenic acid, and gallic acid) were obtained from Sigma Aldrich, Canada.
Experimental Procedures
Sample preparation
Fruits were cleaned and gently rinsed in tap water to remove any dirt and soil residues, spread on tissue paper sheets and left to dry at room temperature. They were then homogenously blended using a household food processor (Black & Decker, Applica Consumer Products, Inc., Miramar, FL, USA).
Extraction of phenolic compounds from haskap berries
Homogenized samples (2 g each) were extracted three times with 8 mL of acidified (0.1% formic acid) 80% aqueous methanol using ultra-sonication water bath (FS20D, Fisher Scientific, USA; 15 min) followed by centrifugation (Sorval RT1, Thermo Scientific, USA) at 4°C for 10 min (2939 × g). The three supernatants were pooled together and the total volume was made up to 25 mL with the acidified aqueous methanol. The extracts were then filtered through a 0.45 μm syringe filter and kept frozen until analysis.
Spectrophotometric Assays
TPC/total reducing capacity (TRC)
The TPC/TRC of haskap extracts was measured using the Folin-Ciocalteau's (FC's) assay as per Singleton et al. [17] with a few modifications. Extracts (0.1 mL each) were diluted to 0.5 mL with distilled water, and 2.5 mL of 0.2 N FC's reagent (diluted 1:10 with distilled water) was added. After 5 min, 2.0 mL of sodium carbonate solution (7.5%) was added. After 2 h in the dark at room temperature (25 ± 2°C), the absorption was measured at 760 nm using the Genesys 10S UV/Visible spectrophotometer (Thermo Scientific, USA). Gallic acid was used for the calibration curve (R 2 = 0.99), and the results of quadruplicate analyses were expressed as milligrams of GAE per gram of FW.
TAC
The total monomeric anthocyanin content was determined using the pH-differential method as described by Giusti and Wrolstad [18] with some modifications. Haskap extracts were spectrophotometrically scanned (Genesys 10S UV/Visible spectrophotometer, Thermo Scientific, USA) to investigate their absorbance spectra. The wavelength of maximum absorption (λmax) was found to be 520 nm. Measurements were then carried out at 520 and 700 nm. Calculations were based on cyd-3-glu with extinction coefficient of 26 
DPPH Free Radical Scavenging Activity
The DPPH free radical scavenging activity of haskap extracts was assayed using the DPPH method according to the modified procedure of Mitraa et al. [19] To determine the DPPH radicals scavenged, 0.10 mL extract was dissolved in 2.90 mL of 0.10 mM DPPH solution in methanol and the differences before (t = 0 min) and after (t = 10 min) sample injection were read at 516 nm using the Genesys 10S UV/Visible spectrophotometer (Thermo Scientific, USA). The antioxidative scavenging effect of the extract was calculated from the following equation:
where A b is the absorbance of the control (DPPH solution without test sample), and A s is the absorbance of the test sample (DPPH solution plus haskap extract).
Characterization of Phenolic Compounds in Haskap Extracts Using HPLC
Haskap extracts were analyzed by reversed-phase diode array detector (DAD)-HPLC (Agilent 1100 Series, Agilent Technologies, Hewlett-Packard, Waldbronn, Germany) equipped with quaternary pump, on-line vacuum degasser, thermostatted autosampler, thermostatted column compartment, and DAD. The analysis was carried out using a gradient elution of 10, 20, 45, 70, 100, 100, and 10% of solvent B at the respective times of 0, 7, 20, 25, 28, 31, and 40 min. The mobile phase A consisted of water/methanol (90:10) with 1.0% formic acid. Solvent B was pure (100%) methanol with 0.1% formic acid. The mobile phases were filtered through a 0.45 µm Millipore filters (Millipore Corporation, Massachusetts, USA) Two columns; Synergi 4 µm Max-RP C12, 80 Å, 250 × 4.6 mm (Phenomenex, Canada) and Zorbax Eclipse XDB-C18 5 μm, 250 × 4.6 mm (Agilent Technologies, Waldbronn, Germany) were used with a universal HPLC security guard system (SecurityGuard TM , KJ0-4282, Phenomenex, Canada). The temperature of the column compartment was kept at 30°C throughout the analysis and different flow rates of the mobile phase (0.6-1.2 mL/ min) were investigated. Chromatograms were acquired at 520, 360, and 320 nm and data were analyzed using the Agilent ChemStation software (version A10.02). Peaks were identified by comparing their retention times and absorbance spectra with those of the standards.
Calibration Curves
The authentic standards of identified anthocyanins (cyd-3-glu, cyanidin 3,5-di-glucoside, cyanidin-3-rutinoside, peonidin-3-o-glucoside, and pelargonidin-3-glucoside), flavonoids (quercetin-3-β-d-glucoside and rutin), and phenolic acids (chlorogenic acid and neochlorogenic acid) were used in the preparation of calibration curves by plotting the concentration of each PHENOLIC ANALYSES OF HASKAP BERRY (LONICERA CAERULEA L.) compound against the area obtained. The calibration curves were used for the quantification of the respective phenolic compounds in haskap extracts. To compare the HPLC results with the spectrophotometric method, the TAC was estimated as cyd-3-glu equivalents from the total area under all peaks (at 520 nm) based on the cyd-3-glu calibration curve.
Method Validation
Validation of the HPLC method was performed according to the International Conference on Harmonization (ICH). [20, 21] The detector linearity and detection limits for the authentic standards were studied over a wide range (0.01-200 µg/mL). Repeatability tests were carried out to investigate the reproducibility of the method. Each sample of both extracts and standards was run at least five times to validate the procedure. Identity and purity of the peaks were checked comparing the spectral data of the sample peaks with those obtained for the standards. In order to assess the recovery of the identified compounds within the extract, samples were spiked with 50 μL of each standard (0.1 mg/mL) and measured.
Statistical Analysis
Data were analyzed using a one factor analysis of variance (ANOVA). Tukey-Kramer mean separation tests were carried out for multiple comparisons with SigmaStat software (version 3.5), where the significance was accepted at p ≤ 0.05.
RESULTS AND DISCUSSION
Extraction of Phenolic Compounds from Haskap Berries
Acidified organic solvents, especially methanol or ethanol, are the most commonly used in preparing anthocyanin-rich phenolic extracts from plant materials. They denature the cell membranes, simultaneously dissolve and stabilize the anthocyanins. To obtain the best yield of anthocyanin extraction, weak organic acids, such as formic acid, acetic acid, citric acid, and phosphoric acid, or low concentrations of strong acids are recommended. [22, 23] In the present study, acidified aqueous methanol was used at room temperature as the extraction solvent.
Analysis of Phenolic Compounds
The structural complexity makes characterization and identification of various phenolic groups difficult and challenging. Therefore, there is a great scope for developing quantification methods tailored for specific phenolic groups. Numerous reviews are available on the characterization of phenolics in foods. [5, 14, 15] The consequent steps for phenolic analysis are sample preparation and extraction, followed by classification and quantification. Methods of identification and quantification include spectrophotometry, gas chromatography (GC), capillary electrophoresis, and HPLC which is the most commonly applied method to quantify phenolic compounds.
TPC/TRC
The FC assay is the most commonly used procedure to determine the TPC of food extracts. It is a colorimetric method based on electron transfer reactions between the FC reagent and the phenolic compounds. However, the specificity of this assay to determine the TPC has been questioned because of the interference of other reducing substances like ascorbic acid (vitamin C) and reducing sugars (i.e., glucose and fructose) that can also reduce the FC reagent, affecting the results and relatively overestimating the TPC. [17, 24] The presence of ascorbic acid is a concern when determining the TPC of extracts with high vitamin C content. [25] The presence of reducing sugars is a problem when determining the TPC of extracts obtained from fruits with low TPC as most of the response (color change) may be generated by the sugars present in the sample. [26] This effect is negligible in our study as haskap berries are rich in phenolic compounds. [9, 10, 27] Ascorbic acid is present in a significant quantities in haskap berries, [5, 16] and may interfere in the assay. However, despite the preceding restrictions and precautions, this assay is useful in the analysis of many plant extracts, as phenolic compounds are often the major contributors to overall antioxidant activity. Furthermore, studies have shown strong positive correlations between the results obtained by this assay and the HPLC results. [28, 29] It has been extensively used for the determination TPC in various plant materials including haskap [9, 30] and other berries. [31, 32] Based on this, for more accuracy and specificity, this assay has been used in this study as an overall indicator of the TRC of the extracts which is mainly attributed to the phenolic compounds with possible contribution caused by ascorbic acid.
The TRCs, determined by the FC method, for the investigated haskap samples are shown in Table 1 . The TRC was 8.09, 6.17, and 8.42 mg GAE/g FW in T, BB, and IG varieties, respectively. Both T and IG showed similar values which were significantly (p ≤ 0.05) higher than that of BB. These results are in agreement with previously reported findings (1.41-11.42 mg GAE/g FW). [10] As the three varieties were grown under the same conditions, the variation in the TRC could be ascribed to varietal and maturation effects. Other Lonicera caerulea varieties including Fialka, Gerda, Goluboe vreteno, Kamchadalka, Leningradskii Velikan, Morena, Nimfa, Roksana, Vasilevskaya, Viola, Tomichka, and Zolushka [4] and Brazowa [16] were investigated for their phenolic contents. However, there is no data available on the phenolic content and profile of the varieties investigated in this study (T, BB, and IG).
TAC
The simplest assay for the quantification of anthocyanins as a group is based on the measurement of absorption at a wavelength between 490 and 550 nm, where all anthocyanins show a maximum. This band is far from the absorption bands of other phenolics, which have spectral maxima in the UV range. However, by this method, anthocyanin polymerized degradation products produced by browning reactions are co-determined causing an overestimation of anthocyanin content. Therefore, an approach that differentiates anthocyanins from their degradation products is preferable. The pH differential method takes advantage of the structural transformations exhibited by the anthocyanin chromophore as a function of pH. By this method, the absorption of the sample is measured at pH 1 (anthocyanins as colored oxonium salts) as well as at pH 4.5 (anthocyanins as colorless hemiketals). The anthocyanin degradation pigments do not exhibit reversible behavior with pH, and are thus excluded from the absorbance calculation. [33] In this method, the calculation of monomeric anthocyanin concentration is usually based on the MW and the molar extinction coefficient (ε) of the main anthocyanin in the sample: cyd-3-glu, the most common anthocyanin in nature.
Our results (Table 1) showed that the TAC was 6.13, 4.49, and 6.97 mg cyd-3-glu equivalents/g FW in the T, BB, and IG varieties, respectively, following the same order found for TRC. These results fall in the range previously reported for haskap berries. Bakowska et al. [9] reported an average of 13.00 mg cyd-3-glu equivalents/g FW which is higher than the values found in this study. The difference in TAC among studies might be attributed to varietal, environmental as well as extraction conditions. Compared to blackberries, rowanberries, black mulberries, and cornelian cherries, haskap was the most abundant source (8.58-19.18 mg/g) of anthocyanins. [34, 35] Quantification of Haskap Phenolics Using the HPLC-DAD Identification and quantification of phenolic compounds by the reversed phase HPLC is currently one of the most preferred and commonly used techniques. Among different detection tools, PDA is the most widely used because it enables scanning of UV/VIS spectra of all dissolved compounds passing the detector in real time. [15] 
Method Evaluation
The pure phenolic standards and the aqueous methanolic extracts of haskap berries were spectrophotometrically scanned to investigate their absorbance spectra (Fig. 1) . Extracts showed maximum absorbance at 520 nm which indicates that the majority of phenolics in haskap extracts absorb light at 520 nm. The UV absorbance maxima for all scanned athocyanin standards were approximately 520 nm as well. As cyd-3-glu is known to be the major anthocyanin of haskap berries, [9, 12] the detector wavelength was set to the cyd-3-glu maximum (520 nm) as the primary wavelength and data were analyzed at this wavelength. This wavelength has been previous used in anthocyanin determination. [36] Chromatograms were also collected at both 320 and 360 nm to investigate the presence of phenolic acids and flavonoids, respectively. [36] In the HPLC analysis of phenolic compounds, the pH of the mobile phase should be maintained in the range of 2-4 to avoid the ionization of phenolics during identification as well as to minimize peak tailing. Aqueous acidified mobile phases predominantly containing acetic acid, formic acid, phosphoric acid or phosphate, citrate, and ammonium acetate buffers at low pH are reported. [15, 37] In the present study, a gradient elution was followed as previously detailed. The gradient elution system is more commonly applied in phenolic analysis than the isocratic elution system. [13] The selection of a suitable column is a critical factor in identifying phenolics. Generally, based on the polarity, different classes of phenolics can be detected using a normal phase C18 or reversed phase (RP-C18) column 10-30 cm in length, 3.9-4.6 mm ID and 3-10 µm particle size. [21] In this study, two columns were compared: Synergi 4 µm Max-RP C12, 80 Å, 250 × 4.6 mm, and Zorbax Eclipse XDB-C18 5 μm, 250 × 4.6 mm. The latter provides good peak shape over a wide pH range (2) (3) (4) (5) (6) (7) (8) (9) . It is extra densely bonded and double endcapped through a proprietary process to cover as many active silanols as possible. However, the densely bonded fully porous C12 silica phase in the Synergi column provides an alternative hydrophobic selectivity to traditional C18 columns. It offers a hydrophobic retention similar to a C18 with improved results and sharper peaks for basic and tailing compounds. The results from the two columns were reliable; however, in the case of Zorbax the peaks showed a slight tailing and were eluted too close to be accurately interpreted for quantification. Therefore, the Synergi Max-RP column was used for the course of this work. Most of the reported HPLC work on phenolic compounds has been carried out at ambient column temperature. However, higher temperatures have been recently recommended due to new columns and instrumentation. [38] In this work, the column temperature was maintained constant at 30 C. It was found that column temperature may affect the separation of phenolics, such as individual anthocyanins, and constant column temperature is recommended for better reproducibility. [15] It was confirmed from the authentic standards and their spiking with haskap extracts that the major phenolic compound found is cyd-3-glu. Other identified anthocyanins were cyanidin 3,5-diglucoside, cyanidin-3-rutinoside, peonidin-3-o-glucoside, and pelargonidin-3-glucoside. Quercetin-3-β-D-glucoside, quercetin-3-rutinoside (rutin), chlorogenic acid, and neochlorogenic acid (Fig. 2) were also identified.
The spectral data of extracts were compared with those of the phenolic standards (Fig. 1) . This showed the authenticity and reliability of the method to quantify phenolic compounds in haskap berries. Different concentrations of the standards were injected and calibration curves were prepared. The regression equations generated for these curves were used to calculate the concentrations of the identified phenolics in haskap extracts (Fig. 3) . The effect of flow rate variation (0.6-1.2 mL/min) on the retention time, peak area, and separation efficiency was investigated. Increasing the flow rate caused a shift in the retention time as the peaks started to elute earlier at higher flow rates, showing high negative linear correlations (R 2 = 0.93-0.99). The highest area percent as well as the highest peak quality was obtained at 0.8 mL/min flow rate. Therefore, this flow rate was used for the separation in this study.
Method Validation
New analytical methods should be used within good manufacturing practice (GMP) and good laboratory practice (GLP) environments, and should be developed using the protocols set out in the ICH guidelines. The most widely applied validation characteristics are accuracy, precision (repeatability and intermediate precision), specificity, detection limit, quantification limit, linearity, range, robustness, and stability of analytical solutions. The method validation attributes were investigated using the authentic standards and results are shown in Table 2 . Detection and quantification limits ranged from 0.06 to 0.22 µg/mL and from 0.15 to 0.55 µg/mL, respectively. The linearity of each phenolic standard was assessed over 0.10-100.00 µg/mL concentration range. Each concentration was injected five times and the results were averaged. All investigated phenolic compounds showed high linearity over the evaluated range with correlation coefficients ≈ 1.00 ( Fig. 3 and PHENOLIC ANALYSES OF HASKAP BERRY (LONICERA CAERULEA L.) Table 2 ). For each concentration, the obtained retention time and peak area were nearly identical among the five injections. The standard deviation (SD) and coefficient of variation (CV) values for the intra-and inter-day results were very low (Table 3) .
To confirm the method suitability for haskap phenolic analysis, peak purity tests were executed for each identified compound. For quantitative analyses, the peak purity check can be used to assess whether a peak is pure or contains impurities, without the need for a mass spectrometric detector. This is done by the comparison of spectra recorded with a DAD during the elution of a chromatographic peak. Five spectra per peak are used to assess purity: two spectra on each of the ascending and descending slopes and one at the top (apex spectrum). The five spectra are averaged and compared with all spectra recorded in the peak. Due to the differences of these spectra within a single peak, its purity can be determined. [39] If a peak is pure, all UV-VIS spectra acquired during the peak's elution should be identical or very close to a 100% match, allowing for amplitude differences due to concentration. Significant deviations, however, can be considered an indication of impurity. The chromatographic peak, spectrum, similarity, and threshold curves of the major identified compound (cyd-3-glu) are displayed in Fig. 4 . For a spectral pure peak, the purity ratio values should be below unity (in the green band) and for spectral impure peaks the values will be FIGURE 2 Chemical structures of the phenolic compounds identified in this study.
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KHATTAB, BROOKS, AND GHANEM above unity (in the red band). [40] From the DAD analysis and the spectral investigations, the identified compounds were shown to be acceptably pure and each peak was attributable to a single compound (Fig. 4) . The purity ratios for all peaks were in the green band. The exact values for each single spectrum were not only graphically displayed but could also be reviewed in the peak ) of each calibration curve; b Means of quadruplicate measurements ± standard deviation; quantification limit is the concentration at which the determination was most accurate with more than 98.00% recovery; purity information window. The five spectra collected for each peak were almost identical with a purity factor higher than the threshold.
To check the accuracy of the proposed procedure recovery tests we conducted. Haskap extracts were spiked with a known concentration (50 µg/mL) of the identified standards either individually or as a mixture. The recovery values of all compounds were >98.00% (Table 2 ). The repeatability and reproducibility of the procedure were verified by analyzing the extracts repetitively five times a day for five days. The relative SD values of all analyses were <1.1% (Table 3 ). The peak area was used in the quantification of phenolic compounds in the extracts as it was strongly correlated (R 2 > 0.99) with their concentrations. The regression equations generated from the obtained calibration curves (Fig. 2) were used to calculate the actual amount of phenolic compounds.
Analysis of Haskap Extracts
For a better separation of phenolics, haskap extracts were diluted (1:5 v/v) in mobile phase A to provide the maximum compatibility and achieve a good separation. These extracts (20 µL) were injected either before or after dilution. This dilution brought the pH very close to that of the mobile phase (pH = 2.6) and improved the separation efficiency.
The HPLC chromatograms of haskap extract are illustrated in Fig. 5 . The content of the anthocyanins were calculated at 520 nm. Other flavonoids including quercetin-3-β-D-glucoside and quercetin-3-rutinoside (rutin) were quantified at 360 nm. Chlorogenic and neochlorogenic acids were, however, quantified at 320 nm. The contents of the major phenolic compounds in haskap extracts are shown in Table 4 . Cyd-3-glu was found to be the major anthocyanin representing 91.99, 82.81, and 89.39% of the TAC in the three varieties; T, BB, and IG, respectively. The highest contents of all quantified phenolics were found in IG extracts followed by T extracts with no significant differences between the two varieties. The BB extracts, however, showed significantly lower contents. This is the first study to report on the anthocyanin contents of these three haskap varieties. The differences among varieties might be attributed to genetic and physiological variations. Both T and IG are United States releases. T is the most firm variety with sweet tangy taste. It is firm enough for commercial harvesting and suited for individually quick frozen (IQF) processing. It is good for fresh eating as well as baking, but has lower productivity. IG is a midfirm, sweet, tart, and tasty berry suitable for all operations. It is fast growing variety with very good productivity and one of the preferred fresh-eating berries for its sweetness and slightly chewy texture. BB, however, is a Russian-originated variety. It is a tasty, tart berry to be consumed fresh or processed. It also has a very good productivity. [41, 42] These results are in agreement with those reported by other investigators. The distribution of various anthocyanins in haskap berries was reported to be cyd-3-glu (79-88%), cyanidin-3-rutinoside (1-11%), cyanidin-3,5-diglucoside (2.2-6.4%), peonidin-3-glucoside (2.8-4.5%), peonidin-3-rutinoside (0.3-1.3%), and pelargonidin-3-glucoside (0.2-1.0%). [43] The presence of petunidin and malvidin was also stated. [9] Cyd-3-glu dominates in berries of most Lonicera species. [44] Furthermore, the HPLC analyses of Lonicera caerulea berries showed the presence of cyanidin-3,5-diglucoside as a dominant anthocyanin. [45] Other identified flavonoids were quercetin-3-β-D-glucoside and quercetin-3-rutinoside. Their contents (mg/g FW) were 0.10 and 0.22 (T), 0.04 and 0.31 (BB), and 0.08 and 0.34 (IG). Chlorogenic acid was the major free phenolic acid representing 0.42, 0.44, and 0.35 mg/g FW in the three varieties, respectively. Ochmian et al. [36] reported that the content of chlorogenic acid and its isomers in haskap berries is significantly dependent on locality of cultivation and species range in amounts from 0.13 to 0.20 mg/g.
To compare the results obtained by the HPLC with those obtained spectrophotometrically, the TAC (as cyd-3-glu equivalents) was calculated from the total area under all peaks (520 nm) using cyd-3-glu calibration curve. The results are shown in Table 4 . The TACs (mg/g FW) were 6.40, 4.02, and 7.09 in the T, BB, and IG, respectively as compared to 6.13, 4.49, and 6.97 mg/g FW as measured by the pH differential method. The results obtained by the HPLC were highly correlated (R 2 > 0.95) with those measured by the pH differential method, and there were no significant differences in the anthocyanin contents among the two quantification procedures. These results for haskap extracts support the conclusions of Lee et al. [37] who analyzed seven juice samples from different fruits containing an array of different individual anthocyanins by pH differential method and HPLC. They demonstrated a high correlation (R 2 ≥ 0.93) between the pH differential method and HPLC when determining the amount of anthocyanins found in samples. The pH differential method, therefore, could be used as a simple and economical procedure for TAC determination in the laboratories where the HPLC facilities are lacking. However, the HPLC is highly precise and preferred for investigating the individual anthocyanins.
Radical Scavenging Activity of Haskap Extracts
To investigate the antioxidant activity of haskap extracts, their ability to donate hydrogen was measured using the stable free radical; DPPH. In the presence of a free radical scavenger (hydrogen donor), DPPH is reduced and a stable free radical is formed from the scavenger. [46] Anthocyanins and other phenolics react with the DPPH donating a hydrogen atom to the free radical. The dissociation of a phenolic proton leads to the formation of anthocyanin or phenolate ions with different structures. The DPPH (purple color) accepts the hydrogen and converts to its corresponding hydrazine (DPPH 2 ) with pale yellow color. This assay has been widely used in model systems to investigate the scavenging activities of natural compounds such as phenolic compounds, anthocyanins, or plant methanol extracts. [47] The extracts of T, BB, and IG varieties showed 88.42, 78.70, and 89.55% DPPH scavenging activities, respectively. BB extracts revealed significantly lower activity than the other two varieties which did not differ significantly between each other (Table 1 ). There was a strong positive correlation (R 2 > 0.90) between the concentration and the amount of DPPH scavenged. The IG extracts with the highest total phenolic and TAC also showed the highest antioxidant activity. The high radical scavenging activities of haskap extracts may be attributed to their high phenolic and anthocyanin contents. Furthermore, the presence of several components from varied phenolic groups might have posed a synergetic effect leading to the increase of their antioxidant potential.
It has been reported that the antioxidative effect of the blue-colored berries is quite tricky to estimate by this assay as the DPPH absorbs light at the same wavelength (515 nm) as anthocyanins. [43] To avoid any possible interference, our extracts were diluted more than 300 times during their extraction (2 g into 25 mL) and DPPH test application (0.10 mL into 3.0 mL). Raudsepp et al. [11] found that diluting the tested plant material at rate of 1:40 (w/v) neutralized any interference with the color loss of DPPH during the reaction. In this assay, an excess of DPPH reagent is used in order to exhaust the H-donating capacity of all present polyphenols. [48] However, in accordance with Beer's law and the normal practice in spectrophotometry, the initial DPPH concentration in a cuvette should be adjusted to give absorbance values within the linear range of the spectrophotometer (less than 1.0). This implies that the final concentration of the DPPH solution in the cuvette is in the range of 25-70 µM. [49] Some researchers used the DPPH concentration higher than 200 µM. [50, 51] In this work, we used 100 µM DPPH concentration. The fact that the DPPH was not fully inhibited (less than 100% scavenging) means that all existing polyphenols or hydrogen-donating compounds (including anthocyanins) were totally exhausted and the obtained absorbance is attributed only to the DPPH residues or PHENOLIC ANALYSES OF HASKAP BERRY (LONICERA CAERULEA L.) its corresponding hydrazine and not to the anthocyanins. Furthermore, this assay has been successfully applied to measure the free radical scavenging potential of berries [19, 31, 32, 52, 53] and other anthocyanincontaining foods. [48, 54] Jakobek and Seruga [55] studied the antiradical activity of flavonols, phenolic acids, and anthocyanins enriched fractions isolated from red raspberry, blackberry, sour cherry, strawberry, chokeberry, elderberry, and blueberry were using the DPPH free radical. They found high correlations between the content of anthocyanins, flavonols, phenolic acids, quercetin derivatives, caffeic acid derivatives, and the antiradical activity. Among the phenols investigated, anthocyanins showed the highest effect on the antiradical activity in all fruits.
The results of the present study agree with those previously reported on other haskap berry varieties. Haskap berry extracts were found to scavenge 85% of DPPH as compared to 43, 74, and 51% for tomato (Lycopersicon esculentum Mill.), sea buckthorn (Hippophae rhamnoides L.), and the standard ascorbic acid, respectively. [11] Rupasinghe et al. [10] reported high antioxidant capacity of haskap berry crude extract as compared to blueberry. A higher antioxidant capacity of haskap extract was also demonstrated when compared to bog bilberry and raspberry. [56] 
CONCLUSION
In this study, the phenolic profile of three Canadian grown haskap varieties was determined. The haskap berry extracts contain significant amounts of anthocyanins, flavonoids, and free phenolic acids. The investigated varieties contained 6.17-8.42 mg GAE/g FW, 4.49-6.97 mg cyd-3-glu/g FW, and 78.70-89.55% of TPC, TAC, and DPPH scavenging activity, respectively. A robust HPLC method was developed for the analysis of haskap berry phenolic compounds. The consistency of the developed analytical method was investigated and proved to be valid and reliable. Five anthocyanins (cyanidin-3-glucoside, cyanidin 3,5-di-glucoside, cyanidin-3-rutinoside, peonidin-3-o-glucoside, and pelargonidin-3-glucoside), two other flavonoids (quercetin-3-β-D-glucoside and quercetin-3-rutinoside), and two free phenolic acids (chlorogenic acid and neochlorogenic acid) were identified and quantified. Data from the HPLC analysis were highly correlated with those acquired by the pH differential method with insignificant difference in the anthocyanin contents between the two quantification methods. These results will provide haskap processors with adequate information needed for the proper selection and application of these berries into various products based on their phenolic content and anthocyanin profiles. Our results further suggest the possibility of using haskap extracts as a potential source for extracting bioactive antioxidants and adding them back to lipid, lipid-containing systems, food formulations, haskap juice and other products for enhanced stability, better nutritional and nutraceutical value, and prolonged shelf life.
ACKNOWLEDGMENTS
LaHave Natural Farms, Blockhouse, Nova Scotia, Canada is sincerely acknowledged for providing the haskap berries used in this study.
FUNDING
This work was funded by the Natural Sciences and Engineering Research Council of Canada (NSERC).
